The lung is the target organ of multiple aggressions due to environmental noxious substances, indoor pollution, occupational hazards and personal risk such as cigarette smoke. Metabolites produced by different fungus species can also be present the inhaled air. Their effects are not frequently studied in the lung or in the lung cells. Our study focused on the effects of metabolites (both exoand endometabolites) produced by Aspergillus ustus, Aspergillus versicolor, Penicillium chrysogenum and Stachybotrys chartarum isolated from dwellings in Slovakia. Their effects were studied in vitro on alveolar macrophages and epithelial type II cells isolated from Wistar rats and Clara cells isolated from mice. Alveolar macrophages represent a free living population in the alveolar spaces and play an important role in maintaining clean and sterile alveoli; they contribute also to the production of proinflammatory cytokines. Epithelial type II cells play a critical role in preserving the functional integrity of the alveolar surface and they also produce cytokines. The effects of metabolites were evaluated by estimating their cytotoxicity, the activity of lysosomal enzyme acid phosphatase in alveolar macrophages. Lectins were used for studying the changes on cell surface. The production of cytokines (Monocyte Chemoatractant Protein 1-MCP-1 and Tumor Necrosis Factor α -TNF-α) was also measured. The effects of metabolites were dose dependent, the highest toxicity was evoked by Stachybotrys chartarum metabolites.
Introduction
As to the cell types, the lung is a very heterogenous organ: it consists of more than 40 different cell types [1] . The large surface of the lung (in man about the size of a tennis court) is exposed to air on the epithelial side. Each cell type has a unique morphologic characteristic associated with its function. The greatest interest in pulmonary toxicology is focused on alveolar macrophages, type II alveolar epithelial cells and non-ciliated bronchiolar Clara cells. Alveolar macrophages (AM) represent a free living cell population in the alveolar spaces and account for 5% of peripheral lung cells. They come in a direct contact with toxic particles and gases as well as pathogens contained in the inspired air, they are essential to the maintenance of clean and sterile alveoli. The alveolar epithelial surface is built up of two distinct epithelial cell types, type I and type II. Type II cover approximately 5% of the alveolar surface area and play a critical role in preserving the functional integrity of the alveolar surface. They contain significant amounts of drug biotransformation enzymes, can replicate and play an important role in tissues renewal, they are also progenitors of type I cells and synthetize surfactant. The bronchial epithelium contains at least 8 cell types, one of them are toxicological important Clara cells. They are highly metabolic active in bronchiolar region, serve as progenitor for themselves and bronchiolar ciliated cells and secrete various products to the bronchiolar lining fluid which help maintain the lung healthy. Isolation of individual cell types from lung and their culture with different toxic agents gives the possibility for better understanding of the cell response.
Occupants of moldy buildings often report health problems, they may be caused by exposure to microbes [2] . Still it is not known which components of the microbial flora belong to the most harmful. In the presented study we tested the effects of metabolites produced by different fungal isolates from moldy buildings in Slovakia on isolated lung cells in in vitro culture.
Materials and methods
Scheme of experiment Alveolar macrophages (AM) and type II cell were isolated from rats [3, 4] and Clara cells were isolated from mice [5] . The isolated cells were cultivated under standard laboratory condition in Dulbecco's Modified Eagles Medium (DMEM) with 5% fetal bovine serum (FBS) for 20 hours in the atmosphere of 5% carbon dioxide in air at 37º. Medium was replaced by fresh medium with 5% FBS and with various concentration (0,1-5 µg/ml) of different metabolites produced by fungal isolates and the cultivation continued for another 24 hours. After finishing the cultivation medium was withdrawn and used for cytotoxicity testing and measuring the concentration of cytokines (MCP-1 and TNF-α). Cells were washed twice with phosphate buffered saline and the staining with lectin (Maclura pomifera -MCA) was performed on type II cells and the acid phosphatase activity was determined in AM.
The metabolites from Aspergillus ustus, Aspergillus versicolor, Penicillium chrysogenum and Stachybotrys chartarum were used. The isolation of produced metabolites from culture medium of fungi -exometabolites and from the mycelium -endometabolites was done by the standard procedure [6] .
The cytotoxicity was evaluated by ToxiLight BioAssay Kit (Cambrex, UK) in the cultivation medium. The kit is based on the bioluminescent measurement of adenylate kinase which is present after cell damage in the cultivation medium. The luminescence was measured in a microtitre plate computer-driven luminometer Immunotech LM-01T (Immunotech, Czech Republic).
Lectin histochemistry. Maclura pomifera agglutinin (MPA) staining was performed according McBride et al [7] .
Proinflammatory cytokines analysis. Concentration of proinflammatory cytokines Monocyte Chemoatractant Protein 1 (MCP-1) and Tumor Necrosis Factor α (TNF-α) in medium from AM and type II cells cultivation was determined using sandwich ELISA procedures. The procedure was provided according to respective kit instruction (BD Biosciences) and final absorbances were read at 450 nm using the microplate reader.
Results
The cytotoxic effect of metabolites produced by different fungi was estimated in the cell culture medium after 24 h culture period of alveolar macrophages, epithelial type II cells and Clara cells. The effect of metabolites isolated from the culture medium of fungi (exometabolites) is shown in Figure 1 and the effect of metabolites isolated from the mycelium (endometabolites) is in Figure 2 . In all experiments the concentration of metabolites was 2 µg/ml. The cytotoxic effect of 2 µg/ml exometabolites of different fungi on cultured cells isolated from lung.
MCP-1 and TNF-α were estimated only in the medium after 24 h period of culture with metabolites of Stachybotrys chartarum. TNF-α concentration in the medium from AM culture showed strongly metabolite concentration depend enhancement, while MCP-1 production both by AM and TII cells decreased in dose dependent manner. The cytotoxic effect of 2 µg/ml endometabolites of different fungi on cultured cells isolated from lung.
The activity of acid phosphatase in AM was measured after 24 h culture with metabolites. The effects evoked by 2 µg/ml of different metabolites are summarized in Figure 3 . The activity was decreased in all cases except the exometabolites of A. versicolor but at higher concentration also these metabolites caused already a strong inhibition of the acid phosphatase activity. The binding activity of MPA was followed in TII cells. The control cells showed positive staining of membranes (Figure 4 ) whilst the staining of cells cultured with metabolites revealed fragmentation of the membranes.
The effect of exometabolites produced by A. versicolor in concentration 2 µg/ml is demonstrated in Figure 5 . 
Discussion
Papers in the literature which deal with the effects of indoor mold can be divided into those dealing with spores [8, 9] , with the metabolites produced by the fungi [10] or both spores and metabolites [11] .
The aim of this study was to gain some insight into the effects of metabolites produced by different fungal isolates on target cells isolated from lung. The fungal isolates represent a mixture of metabolites which act probably synergistically [12, 13] . Four various tests were used: measuring the cytotoxic effect, estimation of cytokines to show the inflammatory potential of metabolites, the binding ability of MPA on type II cells and estimation of acid phosphatase activity in AM. Changes in MPA binding revealed changes in the plasma membranes of type II cells. The nature of MPA interaction with specific carbohydrate (glactose or N-acetylgalactosamine) is potentially useful marker of early epithelial changes in lung disease [14] . Alveolar macrophages are rich in lysosomal enzymes, including acid phosphatase. The enzymes are released after ingestion of foreign material into cytoplasm or even into the external environment [15] . All tested metabolites showed toxic effects, the sensitivity of individual cell types was different. Evaluating and comparing the results will be done by cluster analysis.
The same metabolites as in presented paper were tested in their ability to break down ciliary beating in tracheal epithelium in the organ culture [16] . The toxic effect was observed at the concentration 20 µl/mg. In our experiments this concentration caused complete destruction of type II cells (unpublished results).
Our previous study was focused on comparing the effects of metabolites isolated from four different strains of Stachybotrys chartarum [17] in vitro. The results showed that metabolites from all strains were toxic and they differ only in extent of the evoked changes.
Huttunen et al [8] studied and compared the inflammatory and cytotoxic responses caused by household mold in lung cell lines and accordingly the results concluded that inflammation might be the primary response in the lung. We detected both cytotoxic and inflammatory effects of isolated metabolites produces by fungi but in this state of knowledge we cannot proclaim what was the primary response.
